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How can pathogen proteins functionally hijack their hosts? In this issue of Structure, Aitio et al. reveal that the
process involves coordinated intrinsic disorder in a short pathogen sequence that elegantly commandeers
the tightly regulated cytoskeletal signaling in the host.Figure 1. General Mechanism of EHEC Induced Host Actin Rearrangement and Details of
EspFU Structure and Function
(A) Schematic representation of host actin rearrangements induced by enterohaemorrhagic Escherichia
coli (EHEC). EHEC uses the surface protein intimin, the translocated intimin receptor (Tir), and an
adaptor-like protein EspFU to form actin-rich adhesion ‘‘pedestals’’ on the target-cell surface. Interaction
of EspFU with the cellular ligands IRTKS and N-WASP results in recruitment of the EspFU:N-WASP:Arp2/3
complex and localized actin assembly.
(B) An EspFU 47-repeat consisted of the N-pole, incorporating a transiently preexisted helix, and the
C-pole, employing a tandem PxxP motif and a W switch.
(C) The N-pole of an EspFU repeat activates N-WASP, releasing an internal autoinhibitory lock.
(D) Architecture (pdb id: 2LNH) of the ternary complex formed between an EspFU repeat (red), N-WASP
GBD (green), and IRTKS SH3 (cyan). The N- and C-poles of an EspFU repeat are highlighted in orange
and blue, respectively.Numerous microbial pathogens effec-
tively subvert the cytoskeleton of mam-
malian cells to promote their internaliza-
tion, motility, and dissemination. In order
to take control of such tightly regulated
cellular machineries, they operate in a
very sophisticated and coordinated way.
They distort the protein-protein interac-
tion (PPI) network of the host, identify
and selectively disrupt key protein inter-
actions, replace them with new camou-
flaged and more optimal host-pathogen
interactions, and keep the balance and
stability of the PPI network in a phenom-
enically unperturbed condition.
Enterohaemorrhagic Escherichia coli
(EHEC) serotype O157:H7 is a principal
diarrheal pathogen that adheres to human
intestinal cells and triggers a metamor-
phosis of the actin cytoskeleton into
‘‘pedestals’’ (Figure 1A) (Campellone,
2010). Actin pedestal generation is
orchestrated by the delivery of the E. coli
virulence factors translocated intimin
receptor (Tir) and E. coli-secreted protein
F-like protein encoded on prophage U
(EspFU) (Figure 1A). EspFU, consists of
an N-terminal type- III secretion signal
sequence and a C terminus that contains
multiple copies of 47-residue conserved
repeats (Campellone et al., 2004). A single
repeat is able to partially stimulate actin
polymerization (Sallee et al., 2008). Within
their 47 residues, the repeats evolved to
accommodate two independent ‘‘func-
tional poles’’ (Figure 1B). The first half of
the repeat (N-pole) activates the neu-
ronal Wiskott-Aldrich syndrome protein
(N-WASP) and triggers the Arp2/3 actin
nucleator. The second half (C-pole) con-
sists of tandem PxxP motifs that bind to
the SH3 of IRTKS or IRSp53 (Aitio et al.,2010; Vingadassalom et al., 2009; Weiss
et al., 2009). IRTKS and IRSp53 bind
to a cytoplasmic region of Tir, recruit-
ing the delivered EspFU and N-WASP:
Arp2/3 complex beneath adherent bac-
teria resulting in localized actin assembly
(Figure 1A).
Although the activation mechanism of
N-WASP by the N-pole of an EspFU
repeat has been unveiled (Cheng et al.,
2008; Sallee et al., 2008), the hijackingStructure 20, October 10, 2012 ªmechanism of IRTKS by the C-pole of an
EspFU repeat remained enigmatic. In this
issue of Structure, Aitio et al. (2012) report
the NMR structure of the trimolecular
complex of an EspFU repeat with IRTKS
SH3 and N-WASP GTPase-binding
domain (GBD) (Figure 1D) in an effort to
explain the structural mechanism by
which EspFU outcompetes other cellu-
lar IRTKS SH3 ligands and fruitfully
couples membrane regulation and actin2012 Elsevier Ltd All rights reserved 1613
Figure 2. Details of Specific Interactions Critical for EspFU/IRTKS Complex Formation
(A) P31 of the pathogen (C-pole) is sandwiched among its neighbor W33 and W378 from SH3.
(B and C) The double C-H-p interaction motif (p-H-C: C-H- p) formed among P31- W33- W378.
(D) Superposition of the p-H-C: C-H- p motif isolated from the EspFU repeat and IRTKS SH3 interaction
(carbons are colored in green) to a relevant motif identified in globular protein fold from the protein data-
base (pdb id: 1lxy and residues W273, P262, and W264) colored in yellow.
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Previewspolymerization. Based on their structural
and thermodynamic data, the authors
argue that although the N- and C-poles
of the EspFU repeat coexist within a short
peptide sequence, they function as inde-
pendent units. They put forward the
intriguing hypothesis that intrinsic dis-
order may, in fact, be the force that drives
the dual functionality of the EspFU
repeats. Indeed, both the N- and C-poles
displayed intrinsic disorder; however,
they have adapted different mechanisms
to draw functional advantages over their
different cellular targets. They find that
free N-pole samples its bound conforma-
tion, facilitating the host target binding,
whereas the C-pole incorporates order
promoting residues in a highly disordered
region, which increases the affinity for the
target. Both characteristics can be fre-
quently exploited by intrinsically disor-
dered proteins (IDPs) (Fuxreiter et al.,
2004; Uversky, 2011).
Although tertiary structure had been
long considered as a concrete carrier of
protein function, a continuous inflow of
data over the last decade supports the
idea that function can be encoded in1614 Structure 20, October 10, 2012 ª2012 Eintrinsic protein disorder (Xue et al.,
2012). The lack of a fixed three-dimen-
sional architecture empowers proteins
with the flexibility required to process
signals through adaptation and recogni-
tion pliability (Nagulapalli et al., 2012).
Structural plasticity can promote the for-
mation of diversified architectural motifs
that can effectively mimic structural
recognition hot spots of highly interaction
partners, resulting in supreme interaction
surfaces.
The isolated N-pole of EspFU can acti-
vate N-WASP by disrupting an autoinhibi-
tory interaction between the GBD and the
catalytic WCA region of N-WASP (Figures
1A and 1C) (Sallee et al., 2008). Instead of
mimicking an endogenous activator, this
motif emulates an internal regulatory
element. Aitio et al. (2012) reveal that the
N-pole, although disordered in the free-
state, displays preformed structural ele-
ments, thus enabling an energetically
and kinetically less demanding interaction
with N-WASP. This yields entropically
favorable binding not only due to the large
order-to-disorder transition required to
disrupt the auto-inhibited conformationlsevier Ltd All rights reservedof N-WASP, but also due to the small
distortion energy needed to produce
the optimal structure for binding. On the
contrary, the C-pole that harbors the
tandem PxxP motifs responsible for
the IRTKS SH3 binding was found to be
highly disordered, whereas a tryptophan
(W33) located in the region linking the
two PxxP motifs displayed restricted
backbone mobility. Interestingly, W33
was pinpointed to be responsible for
conferring the high affinity to IRTKS SH3
in vitro and as being crucial for functional
pedestal formation in vivo. Thus, in the
course of evolution, the pathogen had
not only copied endogenous elements
implicated in SH3 recognition (the PxxP
motifs), but it also put forward an optimi-
zation process to outcompete cellular
competitors. Optimization was achieved
by empowering a feature that was
depleted from cellular ligands of IRTKS
SH3 within the disordered region: an
aromatic residue (W33). Incorporation of
order promoting aromatic amino acids
into the disordered region can fruitfully
complement the recognition capabilities
of IDPs (Uversky, 2011). Existence of
aromatic residues within IDPs, which
would normally form the hydrophobic
core of a folded globular protein, could
underline the existence of a nucleating
recognition element. Disorder surmount-
ing these elements can provide an adapt-
able environment that could sculpt
a unique recognition element to engulf
with high and driven specificity target
proteins. Indeed, Aitio et al. (2012) indi-
cated that W33 formed a p-p stacking
interaction with W378 of SH3 (Figure 2A).
Another interesting feature that could be
extracted from the EspFU-IRTKS is that
P31 of the pathogen was sandwiched
among its neighbors W33 and W378
(Figures 2B and 2C). This interaction triad
can be significantly driven, in addition to
the hydrophobic effect, by an electronic
effect in which the aromatic ring of trypto-
phan donates electron density to the rela-
tively electron-deficient C-H bonds of
proline (Figures 2B and 2C) (Thomas
et al., 2006). The enthalpic nature of
this interaction motif could synergistically
compensate the large unfavorable
entropy associated with the EspFU-SH3
interaction. The double C-H-p interaction
motif (p-H-C: C-H- p) highlighted here
was screened in the protein databank
and was found to be present in more
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Previewsthan 600 cases. There, it mostly serves as
a nucleating environment to fold distant
intramolecular structural elements and
form a hydrophobic core crucial for the
global fold (Figure 2D). Thus, in the C-
pole, the pathogen elegantly mimicked
a native recognition element (the tandem
PxxP repeats), empowered it with disor-
der, and optimized it further by emulating
an additional recognition assembling ele-
ment employed in the core of a globular
protein fold. The work by Aitio et al.
(2012) is significant, because it highlights
how a pathogen protein can exhibit its
prowess in manipulating its host through
mastering disorder and fine tuning of
stereoelectronics. Further approaches to
decode the structural mechanism that
multiple EspFU 47-residue repeats func-
tion in a synergistic and concerted way
will be required to shed light on the arrayof tools that pathogens elegantly exploit
to manipulate their host.REFERENCES
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In this issue of Structure, de Leon-Boenig and colleagues bring to light several key characteristics of NF-kB
inducing kinase (NIK), which is at the center of many pathological disorders, using an impressive body of
structural and functional studies. Structures of NIK described here provide deep insights into themechanism
of NIK activity regulation and may facilitate the design of new generation inhibitors for therapeutic use.Transcription factor NF-kB is activated by
the members of tumor necrosis factor
receptor (TNFR) and Toll-like receptor
through two major signal transduction
pathways: canonical and alternative. The
central regulatory component of the
alternative pathway is NIK, also known
as MAP3K14. Although initially identified
as a potent inducer of the canonical
pathway, NIK was subsequently shown
to function in the canonical pathway only
in a receptor-specific manner. The sig-
nificance of NIK became apparent after
the discovery of the defect in p100
processing in alymphoplasia mice where
NIK is constitutively active due to a muta-
tion (Razani et al., 2011). In the alternative
NF-kB activation pathway, a subset ofTNFR upon ligand binding activates
NIK, which cooperates with IKK1 to
induce the processing of the precursor
protein p100 into NF-kB subunit p52.
Although details still need to be worked
out, the NIK activation process is distinct
from other known kinases. In the resting
cell, NIK is continuously degraded by the
actions of E3 ligases and proteasome
(Figure 1). Mutations in these negative
regulators of NIK as well as in NIK itself
that lead to NIK accumulation have
emerged as one of the major causes of
NF-kB deregulation in many cancers of
hematologic origin (Staudt, 2010). Thus,
NIK represents a promising therapeutic
target for the treatment of autoimmune
disorders and cancers. In this issue ofStructure, de Leon-Boenig et al. (2012)
report X-ray structures of the catalytic
kinase domains of both human and
mouse NIK, where they show that the
kinase domain maintains an active con-
formation. Similar work by Liu et al.
(2012) confirms the finding. As discussed
below, these structures are significant
for two reasons: (1) they propose a new
mode of kinase activity regulation, and
(2) the NIK structural models can be
used to develop new inhibitors.
Toappreciate thesignificanceofhowthe
structures explain a new mode of kinase
activity regulation, it is essential to know
the general structural features of protein
kinase that distinguish between active
and inactive states. Whereas the inactive2012 Elsevier Ltd All rights reserved 1615
